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(54) Body structure of motor vehicle

(57) A body structure of a motor vehicle is dis-
closed. The vehicle body structure includes a first
closed section structure and a second closed section
structure. The first closed section structure has a first
closed section that is made of a plurality of members.
The second closed section structure has a second
closed section. The second closed section structure is
disposed within the first closed section of the first closed
section structure and made of a single member. The
second closed section structure has a section configu-
ration that changes in accordance with changes in the
inner side configuration of the first closed section struc-
ture.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a body
structure of a motor vehicle, and in particular to a body
structure of a motor vehicle that is provided with a struc-
ture manufactured by a tube hydraulic forming method
or the like.

Description of the Related Art

[0002] It is conventionally known that a hollow
structure is obtained by supplying high-pressure fluid
such as oil into a raw tube and deforming the tube into a
predetermined configuration by using a tube hydraulic
forming method.
[0003] Japanese Patent Unexamined Publication
No. 8-337182 discloses a body structure of a motor
vehicle which is provided with two hollow structures
formed by a tube hydraulic forming method. In the vehi-
cle body structure, the two hollow structures are mutu-
ally connected along a partial area of its longitudinal
direction.
[0004] Japanese Patent Unexamined Publication
No. 9-150752 discloses a vehicle body frame structure
that comprises a plurality of hoop-shaped members.
The hoop-shaped members are obtained by extruding
raw aluminum alloy into hollow members and bending
the hollow members. Then, the body frame structure is
formed by welding the members to make a doorframe
and the like.
[0005] Japanese Patent Unexamined Publication
No. 10-218017 discloses a center pillar structure of a
motor vehicle that is reinforced by an extruded rein-
forcement which is made of a single member.
[0006] U.S. Patent No. 5,269,585 discloses a motor
vehicle body, which is provided with extruded hollow
profiles or structures.
[0007] Similar examples of such conventional art
are also disclosed in Japanese Patent Unexamined
Publications No. 10-95364, No. 10-95365, No. 9-30345,
No. 10-138950 and No. 8-192238.
[0008] Since a hollow structure is formed by uni-
formly pressurizing a raw tube from its inner side by
using a tube hydraulic forming method, the hollow struc-
ture can be made from materials such as ultra-high-
strength steel. The ultra-high-strength steel has greater
tensile strength than material of the conventional struc-
ture formed by press molding. As a result, since the hol-
low structure has greater proof stress and therefore has
great strength, the weight of the vehicle body can be
decreased. Accordingly, as mentioned above, many
vehicle body structures provided with hollow structures
formed by the tube hydraulic forming method have been
proposed.

[0009] However, such hollow structures formed by
the tube hydraulic forming method are not enough
applied to the vehicle body structure, and various appli-
cations of the hollow structures to the vehicle body
structure therefore have been demanded.

[0010] Further, the application of a hollow structure
or a closed section structure made by other than the
tube hydraulic forming method to a vehicle body struc-
ture also has been demanded.

SUMMARY OF THE INVENTION

[0011] It is therefore an object of the present inven-
tion to provide a body structure of a motor vehicle that is
both light in weight and increased in rigidity or stiffness.
[0012] The above object is achieved according to
the present invention by providing a body structure of a
motor vehicle comprising a first closed section structure
having a first closed section which is made of a plurality
of members, and a second closed section structure hav-
ing a second closed section, the second closed section
structure being disposed within the first closed section
of the first closed section structure and made of a single
member, the second closed section structure having a
section configuration which changes in accordance with
changes in the inner side configuration of the first
closed section structure.
[0013] In a preferred embodiment of the present
invention, the first closed section structure has the first
closed section which integrally forms at least a roof rail
and a center pillar, and the second closed section is
integrally disposed along areas of the roof rail and the
center pillar of the first closed section structure.
[0014] In another preferred embodiment of the
present invention, the first closed section structure has
the first closed section which integrally forms at least a
center pillar and a side sill, and the second closed sec-
tion is integrally disposed along areas of the center pillar
and the side sill of the first closed section structure.
[0015] In another preferred embodiment of the
present invention, the first closed section structure has
the first closed section which integrally forms at least a
roof rail, a center pillar and a side sill, and the second
closed section is integrally disposed along areas of the
roof rail, the center pillar and the side sill of the first
closed section structure.
[0016] In another preferred embodiment of the
present invention, one surface of the first closed section
of the first closed section and one surface of the second
closed section of the second closed section are mutu-
ally connected at predetermined portions thereof.
[0017] In another preferred embodiment of the
present invention, one surface of the first closed section
of the first closed section and one surface of the second
closed section of the second closed section are mutu-
ally connected at predetermined portions thereof by a
fixing member penetrating through the surfaces of the
first and second closed section structures.

1 2

5

10

15

20

25

30

35

40

45

50

55



EP 1 024 074 A1

3

[0018] In another preferred embodiment of the
present invention, the fixing member fixes a door hinge
to the first and second closed section structures.

[0019] In another preferred embodiment of the
present invention, a predetermined portion of the sec-
ond closed section structure is filled with filler material
for reinforcement.
[0020] In still another preferred embodiment of the
present invention, a plurality of node members are pro-
vided along the vehicle front and rear direction within a
space between the first and second closed section
structures.
[0021] In further another preferred embodiment of
the present invention, the first closed section structure
is manufactured by press molding, and the second
closed section structure is manufactured by a tube
hydraulic forming method.
[0022] In still further another preferred embodiment
of the present invention, the first closed section struc-
ture has a flange to which seal means is attached.
[0023] The above and other objects and features of
the present invention will be apparent from the following
description by taking reference with accompanying
drawings employed for preferred embodiments of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In the accompanying drawings:

Figure 1 is an overall perspective view of a body
structure of a motor vehicle according to a first
embodiment of the present invention;
Figure 2 is an exploded perspective view of compo-
nents of the first embodiment of Figure 1;
Figure 3 is an enlarged perspective view of a por-
tion designated as D in Figure 2;
Figure 4 is an enlarged perspective view of a por-
tion designated as E in Figure 2;
Figure 5 is a sectional view of the first embodiment
taken along line V-V in Figure 1;
Figure 6 is a sectional view of the first embodiment
taken along line VI-VI in Figure 1;
Figure 7 is a sectional view of the first embodiment
taken along line VII-VII in Figure 1;
Figure 8 is a sectional view corresponding to Figure
6 showing a variation of the first embodiment;
Figure 9 is an overall perspective view of a body
structure of a motor vehicle according to a second
embodiment of the present invention;
Figure 10 is a sectional view of the second embod-
iment taken along line X-X in Figure 9;
Figure 11 is a sectional view of the second embod-
iment taken along line XI-XI in Figure 9;
Figure 12 is an overall perspective view of a body
structure of a motor vehicle according to a third
embodiment of the present invention;
Figure 13 is a sectional view of the third embodi-

ment taken along line XIII-XIII in Figure 12;

Figure 14 is a partial perspective view of a fourth
embodiment; and
Figure 15 is a perspective view of both ends of a
side sill reinforcement of the fourth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] Hereinafter, the preferred embodiments of
the present invention will be explained with reference to
the drawings.
[0026] A first embodiment of the present invention
will be explained with reference to Figures 1 through 8.
[0027] Referring to Figures 1 and 2, a reference
numeral 1 designates a side body structure of a motor
vehicle which is provided with a roof rail section 2, a
center pillar section 4 and a side sill section 6. The vehi-
cle side body structure 1 comprises a first closed sec-
tion structure 8 made of a combination of a plurality of
members and a second closed section structure 10
made of a single member. The second closed section
structure 10 is disposed at an inner side of the first
closed section structure 8.
[0028] Referring to Figure 2, the first closed section
structure 8 is composed of a side frame outer panel 12,
a roof rail inner 14, a center pillar inner 16 and other
inner panels (not shown). The roof rail inner 14, the
center pillar inner 16 and other inner panels are
attached to the passenger compartment side of the side
frame outer panel 12. The side frame outer panel 12,
the roof rail inner 14, the center pillar inner 16 and other
inner panels forming the first closed section structure 8
are all manufactured by press molding.
[0029] Front doors 18 and rear doors 20 are respec-
tively attached to the side frame outer panel 12 of the
vehicle side body structure 1.
[0030] The second closed section structure 10 is
composed of a roof rail reinforcement 22, a center pillar
reinforcement 24 and a side sill reinforcement 26.
[0031] Referring to Figure 3, an upper end 24a of
the center pillar reinforcement 24 is inserted into an
opening 22a of the roof rail reinforcement 22 and is con-
nected with a connection portion 22b of the roof rail
reinforcement 22 by welding or the like. Thus, the upper
end 24a of the center pillar reinforcement 24 is con-
nected with the roof rail reinforcement 22.
[0032] Referring to Figure 4, a lower end 24b of the
center pillar reinforcement 24 is inserted into an open-
ing 26a of the side sill reinforcement 26 and is con-
nected with a connection portion 26b of the side sill
reinforcement 26 by welding or the like. Thus, the lower
end 24b of the center pillar reinforcement 24 is con-
nected with the side sill reinforcement 26.
[0033] The second closed section structure 10 is
formed in the following manner First, the roof rail rein-
forcement 22, the center pillar reinforcement 24 and the
side sill reinforcement 26 are respectively manufactured
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by supplying high-pressure fluid such as oil into raw
tubes and then deforming the tubes into predetermined
configurations under predetermined conditions of the
tube hydraulic forming method. Thereafter, as men-
tioned above, the upper end 24a of the center pillar rein-
forcement 24 is connected with the roof rail
reinforcement 22, and the lower end 24b of the center
pillar reinforcement 24 is connected with the side sill
reinforcement 26. As a result, the integrally formed sec-
ond closed section structure 10 is obtained. The sec-
tional configuration of the second closed section
structure 10 changes in accordance with changes in the
inner side configuration of the first closed section struc-
ture 8.

[0034] Next, respective sectional configurations of
the vehicle side body structure 1 will be explained with
references to Figures 5 through 7.
[0035] Referring to Figure 5, in the roof rail rein-
forcement 2 of the side body structure 1, the roof rail
outer 28 (a part of the side frame outer panel 12) of the
first closed section structure 8 is disposed at an outer
side. The roof rail inner 30 of the first closed section
structure 8 is disposed at an inner side. Flanges 28a
and 30a of the roof rail outer 28and the roof rail inner 30
are mutually connected so as to form a closed section
32. A seal member 31 is attached to the flanges 28a
and 30a to contact the door 20 so that an opening for
the door 20 is sealed. Further, the roof rail reinforce-
ment 22 of the second closed section structure 10 is
inserted into the closed section 32 of the first closed
section structure. A part 22c of the surface of the roof
rail reinforcement 22 located at an inner side thereof is
connected with the roof rail inner 30 by spot welding. In
the first embodiment, in the roof rail section 2, the roof
rail inner 30 of the first closed section structure 8 may
be disposed to be spaced apart from the roof rail rein-
forcement 22 of the second closed section structure 10.
[0036] Referring to Figure 6, in the center pillar sec-
tion 4 of the side body structure 1, a center pillar outer
34 (a part of the side frame outer panel 12) of the first
closed section structure 8 is disposed at an outer side.
A center pillar inner 36 of the first closed section struc-
ture 8 is disposed at an inner side. Flanges 34a and 36a
of the center pillar outer 34 and center pillar inner 36 are
mutually connected so as to form a closed section 38.
Seal members 31 are attached to the flanges 34a and
36a to contact the doors 18 and 20 so that the openings
for the doors 18 and 20 are sealed. Further, the center
pillar reinforcement 24 of the second closed section
structure 10 is inserted into the closed section 38 of the
first closed section structure 8. A part 24c of the surface
of the center pillar reinforcement 24 located at an inner
side thereof is connected with the center pillar inner 36
by spot welding. In the first embodiment, in the center
pillar section 4, the center pillar reinforcement 24 of the
second closed section structure 10 may be disposed to
be spaced apart from the center pillar inner 36 of the
first closed section structure 8.

[0037] Referring to Figure 7, in the side sill section
6 of the side body structure 1, a side sill outer 40 (a part
of the side frame outer panel 12) of the first closed sec-
tion structure 8 is disposed at an outer side. A side sill
inner 42 of the first closed section structure 8 is dis-
posed at an inner side. Flanges 40a and 42a of the side
sill outer 40 and the side sill inner 42 are mutually con-
nected so as to form a closed section 44. Further, a
reinforcement 46 is further disposed within the closed
section 44 of the first closed section structure 8 to
increase the rigidity of the side sill section 6. The side
sill reinforcement 26 of the second closed section struc-
ture 10 is inserted into the closed section 44 of the first
closed section structure 10. A part 26c of the surface of
the side sill reinforcement 26 located at an inner side
thereof is connected with the reinforcement 46 by spot
welding. A plurality of flat plate node members 48 are
disposed between the side sill outer 40 and the side sill
reinforcement 26 along the side sill section 6 and
spaced apart to each other. As a result, the rigidity of
the side sill section 6 is increased and the distortion of
the side sill section 6 is prevented. In the first embodi-
ment, if the reinforcement 46 is not provided, the part
26c of the surface of the side sill reinforcement 26
located at an inner side thereof may be directly con-
nected with the side sill inner 42. Further, if the rein-
forcement 46 is not provided, the side sill reinforcement
26 may be spaced apart from the side sill inner 42.

[0038] In the first embodiment of the present inven-
tion, as explained above, the center pillar reinforcement
24 of the second closed section structure 10 has a rec-
tangular sectional configuration. However, the embodi-
ment is not limited to this configuration. As shown in
Figure 8, the center pillar reinforcement 50 may have a
sectional configuration including a wavy form 50a.
[0039] The first embodiment of the present inven-
tion has the following advantageous effects.
[0040] According to the first embodiment, the first
closed section structure 8 is combined with the second
closed section structure 10 inserted into the first struc-
ture 8 to obtain the side body structure 1. Namely, the
two closed section structures 8 and 10 are used to
obtain the side body structure 1. As a result, the rigidity
of the side body structure 1 is increased.
[0041] Since the second closed structure 10 is
made of the single member, the amount of material and
the number of components are both decreased and
thus the weight of the vehicle side body structure 1 is
lightened.
[0042] The second closed section structure 10 is
manufactured by the tube hydraulic forming method.
Accordingly, the rigidity or stiffness of the side body
structure 1 is increased and the weight of the side body
structure 1 is decreased, in comparison with the con-
ventional side body structure manufactured by the press
molding.
[0043] Since the sectional configuration of the sec-
ond closed section structure 10 changes in accordance
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with changes in the inner side configuration of the first
closed section structure 8, the number of the compo-
nents can be decreased.

[0044] The first closed section structure 8 com-
posed of the inner panel, the outer panel and the like is
disposed at the outer side of the second closed section
structure 10. Accordingly, the flanges of the inner and
outer panels of the first structure 8 can be effectively uti-
lized as the connection portions with the seal portions
and the glasses.
[0045] Next, a second embodiment of the present
invention will be explained with reference to Figures 9
through 11.
[0046] In the center pillar section 4 of the side body
structure 1, an anchor bolt is provided for a seat belt
attached to an upper portion of a passenger compart-
ment side of the center pillar section 4. A hinge bolt is
also provided for a door hinge attached to an outer
center portion of the center pillar section 4. The anchor
bolt and the hinge bolt are utilized according to the sec-
ond embodiment.
[0047] Referring to Figures 9 and 10, an anchor
plate 60 for supporting a seat belt (not shown) is inte-
grally connected with an anchor bolt 62. The anchor bolt
62 penetrates through both the center pillar inner 36 of
the first structure 8 and the center pillar reinforcement
24 of the second structure 10. The anchor bolt 62 is
finally connected with the first and second structures 8
and 10 by a nut 63. The nut 63 is attached to the anchor
bolt 62 through an opening 24a provided in the center
pillar reinforcement 24, and thereafter the peripheral
portion of the nut 63 is welded to the center pillar rein-
forcement 24. As a result, the conventional anchor bolt
62 for the seat belt can be effectively used and therefore
the pillar inner 36 does not need to be connected with
the center pillar reinforcement 24, the contrary to the
first embodiment. However, in the second embodiment,
in addition to the use of the anchor bolt 62, the pillar
inner 36 may be connected with the center pillar rein-
forcement 24, like the first embodiment.
[0048] Referring to Figures 9 and 11, a door hinge
64 for opening and closing the rear door 20 is integrally
connected with a hinge bolt 66. The hinge bolt 66 pene-
trates through both the center pillar outer 34 of the first
structure 8 and the center pillar reinforcement 24 of the
second structure 10. The hinge bolt 66 is finally con-
nected with the first and second structures 8 and 10 by
a nut 63. The nut 63 is attached to the hinge bolt 66
through an opening 24a provided in the center pillar
reinforcement 24, and thereafter the peripheral portion
of the nut 66 is welded to the center pillar reinforcement
24. As a result, the conventional hinge bolt 66 for the
door hinge can be effectively used and therefore the
second dosed structure 10 does not need to be con-
nected with the first closed section structure 8, the con-
trary to the first embodiment. However, in the second
embodiment, in addition to the use of the hinge bolt 66,
the second closed structure 10 may be connected with

the first closed section structure 8.

[0049] Next, a third embodiment of the present
invention will be explained with reference to Figures 12
through 13.
[0050] Referring to Figures 12 and 13, in the center
pillar section 4 of the side body structure 1, the upper
area designated as J of the door opening has a rela-
tively weak rigidity. Therefore, in the third embodiment,
the upper area J of the center pillar reinforcement 24 of
the second structure 10 is filled with high rigidity foam
filler material 68 such as high strength epoxy foam filler
material (namely thermoplastic) or the like. As a result,
the upper area J of the door opening with a relatively
weak rigidity can be easily strengthened.
[0051] Next, a fourth embodiment of the present
invention will be explained with reference to Figures 14
through 15.
[0052] Figures 14 and 15 show only the partial
structure of the side sill section 6 that are different from
the first embodiment. Referring to Figure 14, a plurality
of node members 70 are disposed along the vehicle
front and rear direction within a space between the side
sill outer (not shown in Figure 14) and the side sill rein-
forcement 26. The node members 70 are respectively
provided with flanges 70a. The flanges 70a of the node
members 70 are respectively connected with the
flanges (not shown) of both the side sill outer and the
side sill inner by welding or the like.
[0053] Referring to Figure 15, caps 72 having node
configurations are respectively attached to both ends of
the side sill reinforcement 26.
[0054] According to the fourth-embodiment, since
the node members 70 and the caps 72 are attached to
the side sill reinforcement 26 of the second closed sec-
tion structure 10, the rigidity of the side sill section 6 is
increased and the distortion of the side sill section 6 is
prevented.
[0055] Although the present invention has been
explained with reference to specific, preferred embodi-
ments, one of ordinary skill in the art will recognize that
modifications and improvements can be made while
remaining within the scope and spirit of the present
invention. The scope of the present invention is deter-
mined solely by appended claims.

Claims

1. A body structure of a motor vehicle comprising:

a first closed section structure having a first
closed section which is made of a plurality of
members; and
a second closed section structure having a
second closed section, the second closed sec-
tion structure being disposed within the first
closed section of the first closed section struc-
ture and made of a single member, said second
closed section structure having a section con-

7 8

5

10

15

20

25

30

35

40

45

50

55



EP 1 024 074 A1

6

figuration which changes in accordance with
changes of the inner side configuration of the
first closed section structure.

2. A body structure of a motor vehicle according to
claim 1, wherein said first closed section structure
has the first closed section which integrally forms at
least a roof rail and a center pillar, and said second
closed section is integrally disposed along areas of
the roof rail and the center pillar of the first closed
section structure.

3. A body structure of a motor vehicle according to
claim 1, wherein said first closed section structure
has the first closed section which integrally forms at
least a center pillar and a side sill, and said second
closed section is integrally disposed along areas of
the center pillar and the side sill of the first closed
section structure.

4. A body structure of a motor vehicle according to
claim 1, wherein said first closed section structure
has the first closed section which integrally forms at
least a roof rail, a center pillar and a side sill, and
said second closed section is integrally disposed
along areas of the roof rail, the center pillar and the
side sill of the first closed section structure.

5. A body structure of a motor vehicle according to
any of claims 1-4, wherein one surface of the first
closed section of the first closed section and one
surface of the second closed section of the second
closed section are mutually connected at predeter-
mined portions thereof.

6. A body structure of a motor vehicle according to
any of claims 1-5, wherein one surface of the first
closed section of the first closed section and one
surface of the second closed section of the second
closed section are mutually connected at predeter-
mined portions thereof by a fixing member pene-
trating through the surfaces of the first and second
closed section structures.

7. A body structure of a motor vehicle according to
claim 6, wherein said fixing member fixes a door
hinge to the first and second closed section struc-
tures.

8. A body structure of a motor vehicle according to
any of claims 1-7, wherein a predetermined portion
of the second closed section structure is filled with
filler material for reinforcement.

9. A body structure of a motor vehicle according to
any of claims 1-8, wherein a plurality of node mem-
bers are provided along the vehicle front and rear
direction within a space between the first and sec-

ond closed section structures.

10. A body structure of a motor vehicle according to
any of claims 1-9, wherein said first closed section
structure is manufactured by press molding, and
said second closed section structure is manufac-
tured by a tube hydraulic forming method.

11. A body structure of a motor vehicle according to
any claims 1-10, wherein said first closed section
structure has a flange to which seal means is
attached.
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